The purpose of this study was to investigate the effect of ovariectomy on osteoinductive activity in the bone in rat. Homograft implantation of decalcified humeral diaphysis from ovariectomized or sham-operated rats was performed and harvested after several time peri ods. A significant decrease in bone induction was found in terms of soft X-ray photography, alkaline phosphatase activity, mineral content and expression of osteocalcin (BGP; bone gla-protein) in the implants from the ovariectomized group in comparison to those from the sham-operated animals. This result suggested that the level of osteoinductive activity, probably due to bone morphogenetic protein, decreased in ovariectomized animals. Key Words alkaline phosphatase (ALP), ovariectomy (OVX), osteo calcin (BGP), bone morphogenetic protein (BMP), osteoinduction
The increased incidence of fractures accompanying osteoporosis is a serious problem in the aged population. The common type of osteoporosis is the post menopausal bone loss associated with ovarian hormone deficiency. The balance between bone formation and resorption is regulated by the actions of various hormones and growth factors on bone cells. Estrogen is recognized as one of the most important factors critical to the maintenance of bone mass and its administra tion has been shown to decrease the rate of bone loss and fracture occurrence in post-menopausal osteoporotic women (1-3). Several investigations on the effect of estrogen on bone metabolism indicated that this hormone inhibits bone loss by stimulating osteoblast function or by attenuating osteoclast activity, or both (4-6). Takano-Yamamoto and Rodan (6) reported a beneficial effect of estradiol on the trabecular bone maintenance in ovariectomized (OVX) rats. According to Jilka et al. (7) , OVX resulted in an interleukin-6-mediated stimulation of osteoclastogene sis. However, the exact mechanism of estrogen on skeleton homeostasis remains unclear. It is well established that decalcified bone matrix, when implanted into extraskeletal sites in a host animal, induces differentiation of cartilage and bone (8, 9) . Several species of bone morphogenetic protein (BMP) responsible for bone induction have been identified (10-13). BMP was also found to stimulate alkaline phosphatase (ALP) activity in osteoblastic MC3T3-El cells in vitro (14) . A decrease in osteoinduction by decalcified bone matrix in vitamin D-deficient rats was reported by Turner et al. (15) . Hashimoto et al. (16) reported that adminis tration of exogenous estradiol mainly enhanced bone formation and partly sup pressed bone resorption in male mice into which pellets containing osteosarcoma derived BMP had been implanted. Recently, we revealed that voluntary running exercise increased osteoinductive activity in rat bone (17).
This study was undertaken to investigate the effect of OVX on osteoinductive activity in the bone in an experimental animal model. The BMP activity in the bone from the OVX or control sham-operated groups was determined by implanting decalcified bone matrix into host animals. A significant decrease in bone formation was observed in terms of mineral content, expression of osteocalcin (BGP) and radiophotography of the implanted bone matrix from the OVX group compared to the control animals. We also examined ALP (ortho-phosphoric monoester phos phohydrolase, alkaline optimum, EC 3.1.3.1) activity in bone and serum as a maker of bone formation. 
MATERIALS AND METHODS

Animals
RESULTS
As shown in Table 2 , food intake and body weight gain of OVX rats were significantly larger (p<0.01) than those of sham-operated animals.
The effect of OVX on serum biochemical values is shown in Table 3 . Levels of total protein, Ca and P of both groups were within normal range. No significant differences in serum calcium and phosphorus contents were found between the OVX and control groups. However, serum ALP activity in the OVX group was higher than that in the sham-operated group (p<0.01). As shown in the upper part of the bar in Fig. 1 , heat-labile ALP activity in serum, which was suggested to be the bone type ALP (17), was found to be higher in the OVX group than in the control group (p<0.05). Heat-stable type ALP shown in the lower part of the bar was not affected by OVX. The result of BMD of the lumbar spine is summarized in Fig. 2 . The BMD value in the OVX group was significantly lower than that in the control group.
Also, total or specific activity of ALP in the humeral bone from the OVX group was lower than that in the sham-operated group (p<0.05, Fig. 3 ). The decalcified humeral diaphyses from the OVX and control animals were implanted into host rats. After respective time periods, the implants were ex- Fig. 4 show the soft X-ray appearances of the implants of the decalcified humeral matrix from the OVX and sham-operated groups, harvested 3 and 5 weeks after implantation. The lower diagram demon strates photographic densities of the soft X-ray radiographs of the samples har vested after implantation. All the specimens from the OVX animals were signifi cantly less radio-opaque when compared to the respective ones of the control group.
The dry weights of the implanted samples of both groups increased gradually (Fig. 5) . However, that of the OVX group was always smaller than the sham operated group (at 7 weeks; p<0.01). The time courses in the changes of ALP in total and specific activity and protein content in the decalcified matrix implants are shown in Fig. 6 . The values of the implants from the OVX group were again lower than those from the sham-operated group at any time period. Analyses of mineral content in the implant are shown in Fig. 7 . Both calcium and phosphate contents in the humeral matrix implant increased almost linearly in the host and there were also significant differences between the OVX and control groups (at 5 weeks, p<0.001).
As shown in Fig. 8 , the expression of osteocalcin mRNA in the implants from the OVX group was lower than that from the sham-operated group at 5 weeks. 
DISCUSSION
In this experiment, the food intake and the body weight gain of the OVX rats were larger than those of the control animals (Table 2) ; nevertheless , BMD in the OVX group was significantly lower than that in the sham-operated group (Fig . 2) . Moreover, ALP activity in the humeral bone of the OVX group decreased when compared to the value of the control group (Fig . 3) . These data suggested there was bone loss due to ovarian hormone depletion in the OVX animals .
Biochemical parameters in serum may reflect the general conditions of the body and there were no significant differences in calcium or phosphorus content between the OVX and control animals (Table 3) . Ca-regulating hormones might be functioning to maintain calcium and phosphorus at normal levels even in the absence of estrogen. In contrast, serum ALP activity increased by estrogen deficiency (p<0.01, Table 3 ).
Previous studies suggested that rat serum ALP originated mainly from the intestine (26, 27) . However, in the present study , the main fraction of ALP in rat serum was heat-labile bone-type isozyme (Fig. 1) . By a 4-20% gradient poly acrylamide gel electrophoresis, the major band with the same mobility as ALP in bone was found and this enzymic activity was lost by heat treatment . Therefore, 
